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Sl eepiness Detection for Vehicle Driver or Machine Opera tor 

This invention relates to human sleepiness, drowsiness or (lack of) alertness detection 

SSZZ%Z%^£5!%. indication in re,ation to the capaci * or <° 

5 Although its rationale is not fully understood, it is generally agreed that sleep is a 

powerfu and vital, biological need, which - if ignored - carl be moreTcapacSating 
than realised, e.ther by a sleepy individual subject, or by those tasking the subject 

^mmJ^ bUt n0t delusively, concerned with the 

(automated) recognrtion of sleepiness and performance-impaired fatigue in drivers of 
10 motor vehicles upon the public highway. onvers or 

Professional drivers of. say. long-haul freight lorries or public transport coaches are 
especiaJly vulnerable to fatigue, loss of attention and driving impairment. 

With this mind, their working and active driving hours are already carefully monitored 
to ensure they are within prescribed limits. 

: — i 

S 1& *° ad accidents, some with no apparent externa) cause, have been attributed to driver 

hj fatigue. 

£ Studies, including those by the Applicants themselves, (see the appended references) 

« ' nto sleep-related vehicle accidents have concluded that such accidents are larqelv 

^ dependent on the time of day. a y 

Age may also be a factor - with young adults more likely to have accidents in the early 
morning, whereas older adults may be more vulnerable in the early afternoon. 

Drivers may not recollect having fallen asleep, but may be aware of a precursory 
sleepy state, as normal sleep does not occur spontaneously without warning. 

The present invention addresses sleepiness monitoring, to engender awareness of a 
state of sleepiness, in turn to prompt safe countemneasures. such as stopping driving 
and having a nap. " 

Accidents have also been found to be most frequent on monotonous roads, such as 
motorways and other main roads. 

™ !Sn^L™~ y J?f 2 u" 2£ : % of motorwa y Aidants seem to be as a result of drivers 

30 falling asleep at the wheel. 

Although certain studies concluded that it is almost impossible to fall asleep while 
driving without any warning whatsoever, drivers frequently persevere with their driving 
when they are sleepy and should stop 9 
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Various driver monitoring devices, such as eyelid movement detectors have been 
SSSyLSJSS fati9Ue ' ^ ^ PrinC '^ S « ™* we^ndVdTr 

Sleepiness in the context of driving is problematic, because the behavioural and 
»T1E5^T^^ accompany falling asleep at the wheel may not typSy 
the charactensbcB of sleep onset commonly reported under test conditions and 
simulations by sleep laboratories. ns ana 

Driving will tend to make a driver put considerable effort into remaining awake and In 
doing so, the driver will exhibit different durations and sequences of ps^tatookS I anS 
10 behavioural events that precede sleep onset. Penological ana 

As underlying sleepiness may be masked by this prefacing compensatory effort the 
criteria for determining whether a subject is falling asleep may be unclear 

Indeed, the Applicants have determined by practical investigation that parameters 
usual y accepted to indicate falling asleep are actually not reliable as an nd« of 
15 sleepiness if the subject is driving. 

For example although in general eye blink rate has a tendency to rise with increasino 

2f«K 8 « S i , T °/ °!? an£ !? iS confounded fa y the demand, variety and so stimulus 
content or evel of a task undertaken (eg driving), there being a negative correlation 
between blink rate and task difficulty. a»u»o Lurreiaoon 



in an attempt to prevent sleep-related vehicle accidents, it is also known passively to 
monitor driver working times through chronological activity logs, such as tachographs 
However, these provide no active warning indication. uyrapns. 

^J? n6ra "j-? ' S * SO kn ° Wn t0 monitor a wnole ran 9Q of machine and human 
factors for vehicle engineering development purposes, some merely for historic data 
accumulation, and other unsatisfactory attempts at 'real-time' active warning. 

The Applicants are not aware of any practical implementation hitherto of sleepiness 
detection, using relevant and proven biological factors addressing inherent body 
condition and capacity. a y 

30 SUSlmihlo * tri ? S fT ied ° U , t b ^ the A PP |icant s have shown that there are clear 

£f,« 1 f^i^f ^ 6 ! P " reIated VShide in th e UK around 02.00-06.00 

hours and 14.00-16.00 hours. 

Similar time-of-day data for such accidents have been reported for the USA, Israel 
ana riniand. 

i 

J h tf e slee P- rela ted vehicle accident peaks are distinct from the peak times for all road 

35 ss aS'^oo'hV::.^ • which - around the main - ss 
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The term 'sleepiness' is used herein to embrace essentially pre-sleeo conditions 
rather than sleep detection Itself, since, once allowed to fall asleeo it m L £ ♦ ? I ' 
to provide useful accident avoidance warning indicSon or Erection V 

Generally, a condition or state of sleepiness dictates 

• a lessened awareness of surroundings and events- 

• a reduced capacity to react appropriately; and 

• an extended reaction time. 

The human body thus has a certain pre-disposition to drowsing nr ^ ~ , 

periods during the day - especially £ early "morninghVu™^^^^ 

than ne^XZerT° iiC ^ — of a.cohol. rather 

According to one aspect of the invention, 

a monitor taking account of circadian and sleep parameters 

of an individual vehicle driver, 

and/or generic or universal human physiological factors, 
20 applicable to a whole class or category of drivers, 

is integrated with Veal-time' behavioural sensing/ 
such as of road condition and driver control action, 
including steering and acceleration, 
to provide an (audio-) visual indication of sleepiness. 



25 



For safety and legislative reasons, it is not envisaged that at least in th^ imm oWi fl t. 
conToi w - J K d necessarily be allowL a^lal^ 
control - say by progress.vely disabling or disengaging the vehicle accetaS. 

Rather it would remain a driver's responsibility to respond constructively to an alert 

so El^SSS^r 1 cou,d ,og the issue of such wa "^ s for ^£TS 

Overall system capability could embrace recogn|^any or all of such factors as: 

common, if not universal, underlying patterns of sleepiness (pre-conditioning) ; 

exacerbating personal factors for a particular user-driver, such as recent sleeo 
patterns especially, recent sleep deprivation and/or disruption; P 

35 with a ^Qhting according to other factors, such as the current time of day. 
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Ii= m ? 9 , circumstances, in particular a natural alertness 'low point' - and 
attendant sleepiness or susceptibility to (unprompted) sleep - in the natural 
physiological b.p rhythmic or circadian cycle may pre-dispose a driver 
exacerbated by sle^pcJepri^atior, in a recent-formal sleep period sleep.ness, 

LTLT^'f " fhythm P atterns themselves, at least the ability of the body behaviour 
and activity to respond to the underlying pre-disposition or pre-conditSn mav be 

iS£S£££^ ^ abn ° rma ' ° r Chan9in9 Shift Pattems ' P^d o^eqLte 

Thus for example, in exercising vehicle control, aberrant driver steerinq behaviour 
associated with degrees of driver sleepiness, could be recognised and electee T° or 
at least a wammg issued of the need for correction (by sleep restitution) 

Pragmatically, any sleepiness warning Indication should be of a kind and in sufficient 
time to tngger corrective action. sunicieni 

According to another aspect of the invention, 
a driver sleepiness, 
alertness or fitness condition monitor 
comprises 

a plurality of sensory inputs, 

variously and respectively related to, 
20 vehicle motion and steering direction, 

circadian or biomythmic physiological patterns. 

recent driver experiences 

and pre-conditioning; 

such inputs being individually weighted. 
25 according to contributory importance, 

and combined in a computational decision algorithm or model 

to provide a warning Indication of sleepiness. 

Hr^oT^ 1 " 16 " 18 ,? * thS invention can take "»to account actual, or real-time, vehicle 
™ ?^L^T S - S , U ^. h _ aS USS ° f Steering and accelerator, and integrate them with 

30 inherent b.olog,cal factors and current personal data, for example recent sleep patte m 

5& ~V^£aF consumption (within the «egal .imit). re,iant upon in^ut by a 

Sfw rin9 u Cti ° n °/ Performance is best assessed when driving along a relatively straight 
road, such as a trunk, arterial road or motorway, when steering Inputs of an alert driver 
35 are characterised by frequent, minor correction. 

In this regard, certain roads have characteristics, such as prolonged 'straightness' and 
rvnee U pin C ets t0 9 * ' andsCaping ' WhiCh are kn ™ to engender ofac?emu?te 

It is envisaged that embodiments of the steering detector would also be able to 
40 recognise when a vehicle is on such (typically strarghter) roads. 
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Some means either automatically through a^teering sensor, or even from manual 
input by the driver, is desirable to recognis/d WoLay as opposed to sa^ town 

ESSSE" 1 " h ~ ,ar " steerin9 move1 d nts obscure mSSkS^i 

Spinels ^e?Lc 0 C un?^ U T t H teerin9 . tendS to co ™°^ to, or stimulate, 
wakefulness. Yet a countervailing tendency to inconsistent or erratic steerinq input mav 
prevail, which when recognised can signal an underlying aleeplneteSSS.^ ^ 

In practice, having recognised the onset of journeys on roads with an enhanced 

^ r *.i° t Urn6y tim9S ° n SUCh r ° ads ^ vond a P^scriSerthTesSd 
say 10 minutes - could trigger a steering action detection mode, with a comparative 
test against a steering characteristic algorithm, to detect sleepy-type driving a^Sul 
a warning indication in good time for corrective action. 9 ' Sue 

As another vehicle control condition indicator, accelerator action, such as steadiness 
of depression, ,s differently assessed for cars than lorries, because of the Afferent 
15 spring return action. uirrereni 

implementation of semi-automated controls, such as cruise-controls, with constant 
speed setting capabilities, could be disabled temporarily for sleepiness monitoring 

In assessing driver responses to pre-programmed device interrogation reliance is 
necessarily placed upon the good intentions, frankness and honesty of the individual 

20 A practical device would embody a visual and/or auditory display to relay warnino 

messages and instructions to and responses from the user. 

fnH 1 ™,!"!!? 068 f ° r V .!. h i de condition sensors, such as those monitoring steering 
and accelerator use, could be incorporated. 

Furthermore, input (push-button) switches for driver responses could also^eature^- 
25 conveniently adjacent to the visual display. aiso^Teature^- 

Input effort would be minimal to encourage participation, and questions would be 
straightforward and direct, to encourage explicit answers. 

Visual display reinforcement messages could be combined with the auditory output. 
Ancillary factors, such as driver age and sex, could also be input. 

30 An interface with a global positioning receiver and map database could also be 

envisaged so that the sleepmess indicator could register automatically roads with 

S22 L« h * r ? c V enst,cs ' in * ud :"9 a poor accident record, and adjust the monitoring 
cntena and output warning display accordingly. 

iadabm^rtne daShb ° ard " for and 
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fr i S22 l ^^fli ,Bht H 0 ,^ 0 ^ C ° U J d bC Sensed b * a P h °toce!l. Attention could thus 
be paid at nrght to road lighting conditions. *-"uju mub 

Vehicle driving cab temperature could have a profound effect upon sleepiness and 
again could be monitored by a localised transducer at the driver station 

5 The device could categorise sleepiness to an arbitrary scale. Thus for examole the 

following condition levels could be allocated: example, the 

• Alert 

• A LITTLE SLEEPY 

• Noticeably sleepy 

10 • Difficulty in staying awake 

• Fighting sleep 

• w| ll fall asleep 

Personal questions could include: 

• Quantity of sleep in the last 24 hours 

15 • Quality of that sleep in the last 24 hours 

Road conditions could include: 

• Motorway 

• Monotonous 

• Town 



20 



Night-time with no street lights could be given a blanket impairment rating or loading. 
SsfeSe2r are [nitiaJ,y made ° f ^ alC ° h01 COnsumption wh *tsoover legal limits 

A circadian rhythm model allows a likelihood of falling asleep, or a sleep propensity 
25 unS ^ IeVG,S 1 4 - Wh9re 4 «P~«.ve5 .ikefy «ndl wJSSl 

The lowest likelihood of sleepiness occurs from mid morning to early afternoon. 

II?SS t ? r 3 T id f ft < ernoon ^ or riSG in likelihood of sleepiness to 3 is followed by 

S t2 9 t J m TV eV6ninS ' riSin9 Ste P wise towards 'a* night, though 
midnight and into the early hours of the morning. 9 
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There now follows a description of some particular embodiments of the invention bv 
Htf^ ^ referenCSt ° thS — mpanying diagram^ 

^^SSZS C,rCUit ,ay ° Ut ° f PhnCipal 6lGmentS in 3 sIee P jne3S ™nrtor for a 
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SS&fSSlZ S52?T variant for the indicator and comro1 unit ° f the 

Figure 3 shows a graphical plot of varying susceptibility to sleepiness over a 24 hour 
period, reflecting human body drcadian rhythm patterns; 

Figures 4 and 5 6 and 7, 8 and 9 show paired personal performance graphs reflectlna 
steering wheel mputs or three individual drivers, each pair represent comparative 
alert and sleepy (simulated) driving conditions; ^ w 

5S^*!SSr5S;^ ° f 3 driVSr m ° nft0r S ^ with - integrated 

Figure 11 shows a sensing arrangement for motion and steering, in relation to 
respect.ve reference or datum axes, for the multi-mode sensing mod&e of Rgures 10 

Figure 12 showsjCthe^multi-mode sensor of Figure 10 in more detail; 
15 Vo££l2? ,hr ° U9h ShOWa Variant housin 9 f0rthe multi-mode sensor of Figures 

Figures 14A and 14B show steering wheel dynamic sensing geometry; 

Figures 1 5A through 1 5D show steering wheel movement and attendant correction; 

Figures 16A and 16B show vehicle acceleration and correction; 
20 »MMd£2^ Peri0diC V6riation ° f s'eepiness/alertness and attendant warning 

Figure 18 shows the sub-division of system operational time cycles; 

Figure 19 shows system data st orage or accumulation for computation; 

• fa^!^S^^^^^ ariOUSly re P resent ^^em data and computational 
25 thSughTs; l^^^^^ <*«rts for implementing the device of Figures 1 

Figure 21 shows a circuit diagram of a particular multi-mode sensor, with a magnetic- 
.nduct,ve flux coupling sensing of rate of change of steering wheel movement 



Referring to the drawings, a sleepiness monitor 10 is integrated within a housing 1 1 
configured for ease of in-vehicle Installation, for example as a dashboard mountina" 
30 or. as depicted in Figure 2. mounted upon a steering wheel 1 2 itself mountin 9. 

In a preferred variant, the monitor 10 would be self-contained, with an internal battery 
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power supply and all the necessary sensors fitted internally, to allow the device to be 
personal to a driver and moved with the driver from one vehicle to another 

The sensor 13 could be located within the steering wheel 12 and column assembly. 

^SL^SmS^ilSPT mU,ti - Channe '- ' e ™ te ^scri bed ,ater in 

pedaf l£ &n aCCe ' erat0r moveme "t sensor 15 monitors driver inputs to an accelerator 

Alternatively, and again in a more sophisticated sensor variant a dynamic 
1S accelerometer could be employed, as in Figures 11 and 12. aynamic 

The sensor 15 could be an accelerometer located within the housinq 11 in a self- 
contained vanant Care is taken to obviate the adverse effects of vehicl Jvibratron upon 
dynamic sensory measurements. upu " 

20 ™™i«TrJ at J eSS COnvenient| y. chicle motion and acceleration could be 

20 re . c °9 n, |f d thr ,f u 9 h a transmission drive shaft sensor 27, coupled to a vehicle road 

wheel 26 or by .nterfac.ng with existing sensors or control processor for cSir 

purposes, such as engine and transmission management. 

The trend to multiplex vehicle electrical supply systems, relaying data between vehicle 
operational modules, may facilitate such interconnection. vemcie 

^ 0 tL e l°^t 1 i S *i C ? ed Se ?f rSl With an ability for remote self-contained condition sensing 
employed *"* down -' oadin 9 or data up-loading may be 

Ii hlJ ^ a f » r rfr ample ' 3 s ) eerin 9 wheel movement sensor module^tn7>ersion of Figure 
21 may rely upon a wireless or contact-free linkage - such as\nagffeticflux couSina 
between magnetic elements on the wheel or shaft and an adj a cen?sta?c " dS c? 

ZStSt?" tQ re9iSt6r rate ° f Chan0e Df wheel movement (J 

say an average RMS computation of Figures 15A and 15B). PMoseo to. 

Such remote sensing and data linkage obviates the need for major vehicle wirino 
harness alternation or supplement. venicie wiring 

35 Overall, the device could have an internal memory of speed and steering wheel 



25 



30 



8 



30/06 99 WED 15:12 FAX 01926 419636 TILLBROOK & IPS B)012 

WO 98/29847 

PCT/GB98/00015 



^!-T entS 8nd S ° thG b3Sis ° f a 'P erfo ™ance history of driver actions as a basis for 
decision upon issuing warning indication. 5 as a oas,s tor 

The interface 19 would enable data to be(SnT, 0 aded onto rScVia say the PC 
parallel port or over a radio or infra-red Wih^Hjntr ^ J 

Reverting to the unit 10 of Figures 1 and 2, the housing 11 incorporates a visual 
display panel or screen 1 8. for relaying instructions and warning indSons ?| the Set 

A touch-sensitive inter-actional screen could be deployed. 

c^L^Tii^r^ for screen contrast accordi ^ - 

The variants of Figures 10. 12 and 13A through 13D allow for a simpler devolved 
display of certain operating criteria, by multip.e LED's on a multi-mode !^omS££ 
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^S^ZS^ reinforcement sound messages, for an integrated audio- 



Also to that end. in a more sophisticated variant - possibly merely as an onaoino 

7Z7rLT a nS:T m ^ t0 ° K S micr °P h °ne 23 might^e use^ to record an^ interpret 
driver respons es, pos sibly using speech recognition software. 

Alternativel£j5^^ b ifnp i emen J^/*^ 

25 of push button switches 16 arrayed al^giid^ResSre^n 1 8. for tnT input ^SfiSdS 

driver responses to preliminary questions displayed upon the screen 18 ,rfa,v,aual 

Thus, for example, non-contentious factors, such as driver age and sex mav be 
accounted for. together with more subjective review of recent sleep h?stor? 

in QiJ«stior.s would be phrased concisely and unequivocally, for ease and immediacy of 

30 comprehension and certainty or authenticity of response 'mmeoiacy ot 

JeSion' eXamPle ' ° n ^ PiV ° tal contributorv fact °' of driver's recent sleep, the 
'How much sleep have you had in the last 24 hours' 
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could be juxtaposed with a multiple choice on screen answer menu, such as: 
Choice of ONE answer ... 

Little or none ... [generating a weighting score of 21 
Less than normal ... [score 1] 

ABOUT THE SAME AS NORMAL, UNDISTURBED ... [SCORE Ol 

About the same as normal, but disturbed ... [score 1] 

Other contributory factors include road conditions and vehicle cabin temperature, 

■Road-conditions-would.be.assessed-through the steerina sensor fl nH ^ 
initial input question upon road conditions/} TOonn » sensor 13 ' and through an 



Icons* ** m ° n0t0n0lJS road would J ustif V • weighting of plus 1 to all the circadian 
W0 n uS m n£T* E£ SZS^ <™ «™> ^ 

££££ 5S^^J5sr - priTOr,ly K resHSKr *» h * 

n'rt^Jf temperatures could be monitored with a temperature sensor probe 31 
(located away from any heater output vents). pro De ^ 

Thus, for example, a threshold of some 25 degrees C might be set, with temperatures 
in excess of this levef triggering a score of plus 0.5. Temperatures 

In normal operating mode, the monitor relies upon the workinn a«, im nw 

driver has had little or no recent or material alcohol S^^^ UmpUOn ** the 

The physiological circadian rhythm template* or reference model pre-loaded into the 
monitor memory is adjusted with the weighting scores indicated 

If the cumulative score is equal to or greater than 3, the steering sensor is activeiv 
engaged and checked to determine the road conditions. y 

*S£S&^ ref,9Cted ln ^ ™* ht * d of Figure 3, can 

Alert 

Neither alert nor sleepy 
A little sleepy 
Noticeably sleepy 
Difficulty in staying awake 
Fighting sleep 
Will fall asleep 
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27 29 T S? "l^Zr°^ le Tlf St ° r ? data fr ° m tHe VarioUS rem °te censors 13 15 

Wi^JSSSZ Z^Z^™£>* rh ~ d 

An internal microprocessor is programmed to perform calculations accordino to driver 

vrnterepoS 6 ^^ 6 ,i9htin9 C ° Uld 8,30 be assessed f ™ «. steering wheel 

This location also facilitates registering of steering wheel movement With an internal 
accelerometer and battery, external connections could be obviated. 

Whilst a motor vehicle orientated monitor has been disclosed in the foregoing example 
the operating pnncples are more widely applicable to moving math ne-ooeTator' 
enwonments. as diverse, as cranes, construction sit* and drTing rias 

possibly subject to in^r'Tt^^^r^^ |||L " Hno ar "" n 9 "9S 

Figures 4 through 9 show the respective steering 'performances' of three individual 
drSnTcondSf ' * - **• ™ ^»£S£ 

dirfe?e 9 n7way C s 0rnPriSeStW ° aSS ° Ciated plo,s ' presenting steering wheel movement in 

T !? US L° n f pl0t directly ex P re sses deviations of steering wheel position from a straiaht 
25 ahead reference position - allotted a "zero' value. Pinion rrom a straight- 

lof^^^S 3 *^ nU T be - r ° f timeB a steerin 9 wneel is turned in either direction over 
aSS^S^-pSSS^ 3 +A 3% ' W ° bb,e ' faCtor 35 3 ' daad ' » riband 

The other plot is an averaged value of steering wheel movement amplitude ffe the 
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30 

of the actual movements. 
Generally, the graphs reflect a characteristic steering performance or behaviour. 

In particular, as a person becomes sleeov zero emetine* ar* r ~A..~*>M • 
whereas RMS amplitudes increase an«^ , l S^ l n?15^ U ^ 

35 Thus, Figure 4 reflects steering behaviour of an alert subject S1 
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Collectively, the ■zero-crossing' and -RMS 1 plots for alert subject S1 reflect a generally 
continual and consistent steering correction. generally 

In contrast, the steering behaviour of a sleepy subject S1 , reflected in Figure 5 exhibits 
less frequent, erratic, exaggerated or excessive steering movement. 

352 l^^JSS^ of yet another a!ert subiect 33 and R9ure 9 that 

in Pa ' r ° f ? r fP hs J sh ° WS corresponding marked differences in steering behaviour 

10 between an alert and sleepy driver. 8 uenaviour 

This characteristic difference validates the use of actual or real-time dynamic steering 
behaviour to monitor driver sleepiness. 9 

In a practical system, using steering wheel movement to identify sleepiness on the 
bum of such findings, it is preferred that, before presenting a sleepiness warninq 
1 5 indication, at least two of the following three sleep categorising conditions of 

behaviour are present, namely: a 

• Fewer zero crossings; 

• RMS AMPLITUDE HIGH; 

• RMS MORE VARIABLE. 

RMS averaging may be superceded by other sensing techniques, such as that of the 
magnetic flux-coup.ed. inductive sensor of Figure 21 , which can register more directly 
rate of change of steering wheel movement. greeny 

Turning to refinement of practical implementation. Figure 10 shows a block schematic 
overall circuit layout or principal elements. 

fl ^ r lS C S: s * nsin l modes - deluding vehicle motion (linear 

acceleration), steering wheel angle, ambient light, temperature, are combined with an 
audio sounder and mark button in an integrated so-called 'steering wheel adaptor' 
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^M^r 5 ^^ 8 connected through a cable way to an electronic interface 32, 
30 which ,n turn .s configured for connection to a personal computer parallel port 39 

through a cable link and a mains charger unit 37. 

The orientation of the sensor module 33 in relation to reference axes for acceleration 
and steering wheel angular position are represented in Figures 1 1 and 12. 

35 ™^ 8 <S ^n 8 * 0 "^ SS £ thrOU9h B Variable ™9 ne tic «u* coupling between 

35 magnets set on the steering wheel or column and on adjacent static mounts. 



12 



30/06 99 WED 15:14 FAX 01926 419636 TILLBROOK & IPS tg] 01 

WO 58/29847 PCT/GB98/00015 





Figures 13A through 13D sho w a master sensor unit 33 w ith a simplified LED warnino 
indicator array. The detailed crrcuitrFi"s^s1^rrirrRgute 21. warning 

Essentially, the steering sensor measures a change in inductance through an arrav of 
some three inductors Li. L2 and L3 through magnetic flux coupling chJngTs caused 
5 by movement ,n relation to the magnetic field of a smaJLoaagnet "M" static-mounfed 

upon the steering column - at a convenient. unobtrutveTCTfoTT 33 ^ mounieo 

Itll'oZLr ciofk * ener9iSSd bV 8 32kH2 SqUare Wave a-""— * « 

l^e , 5S! e P i , 22S B ™ othed ' samp,ed and measured by 1,16 locaI P rocessor 

nTovemem 550 ' ana ' ySeS 4,16 results di0itally to determine the extent of steering wheel 
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Calibration of the minimum and maximum voltages across each inductor as the 
magnetic field of the static magnet sweeps across them when the steerinq wheei is 
fully turned is undertaken by the local processor, so the mounting location of the static 
magnet is not overly critical. ^ 

Such inductive sensing is unaffected by road vibration, since both static magnet and 
inductors are subject to the same vibration and any effect cancelled out. 

The local processor feeds sensor data to an executive processor loaded with 
s eepiness detector algorithms, base ijpon such factors as circadian rhythm of 
sleepiness timing and duration of sletSp and ambient light, and which presents an 
overall indication of driver sleepiness level. 

The arrangement is capable of registering and measuring very small angular 
movements, such as might be encountered in corrective steering action at speed. 

Figures 14A through 150 relate to wheel movement sensing by a more indirect 
computational technique, involving RMS averging, compared with the direct rate of 
change capability of magnetic flux-coupled inductive sensing of the Figure 21 circuitry. 

Figures 14A and 14B represent dynamic steering wheel movement sensing. 

Figures 1 6 A and 1 5B represent respectively Yaw' and adjusted wheel movements over 
jo timo. 

Figure 15C represents a 'zero crossings' count, derived from the adjusted plot of Figure 

Figure 15D depicts the 'dead band' range of wheel movement allowed. 

Figures 16A and 16B respectively, represent 'raw' and corrected plots of vehicle 

13 
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acceleration over time - allowing computation of an RMS average acceleration. 

Figure 1 7 depicts a characteristic circadian sleepiness rhythm or pattern with a three 
tiered sleepiness warning threshold levels. H ' Wlin a lhree 

Figure 1 8 represents a breakdown of system activitv over rr - ftn 

l^ZT - H wilh a division between ZS£ i2SSSS222 

and 10 seconds process time allocation for parameter calculation 

-~n up** sensor *£ ^^t^JSSSS 

io ass Msiryas srjsfs^"^ OTa - 

Hardware considerations aside, an operational sonvvaji* protocol would involve a 
schema of factors, such as represented in the IteBng^SSsSSff SrS jqh lu/55 ^ 
which are generally self-explanatory and will not othSSSraTtefii^S^^Ly 



_^ Component List 
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10 


(sleepiness) monitor 






11 


housing 






12 


steering wheel 






13 


steering position/movement sensor 
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14 


accelerator pedal 




15 


accelerator position/movement sensor 






16 


push-button switch 






17 


steering wheel spokes 






16 


display panel/screen 






19 


interface connector 


jfY ; 


25 


21 


loudspeaker 






23 


microphone 


; 




26 


road wheel 


.33. 




27 


(drive) shaft sensor 




30 


29 


photocell sensor 




31 


temperature probe 






33 


multi-mode sensor 






32 


electronic interface 






37 


mains charger 






39 


parallel data port 
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